Supporting information: this article has supporting information at journals.iucr.org/e Unexpected formation of a co-crystal containing the chalcone (E)-1-(5-chlorothiophen-2-yl)-3-(3methylthiophen-2-yl)prop-2-en-1-one and the ketoenol tautomer (Z)-1
The title crystal structure is assembled from the superposition of two molecular structures, (E)-1-(5-chlorothiophen-2-yl)-3-(3-methylthiophen-2-yl)prop-2-en-1-one, C 12 H 9 ClOS 2 (93%), and (Z)-1-(5-chlorothiophen-2-yl)-3-(3-methylthiophen-2-yl)prop-1-en-1-ol, C 12 H 11 ClOS 2 (7%), 0.93C 12 H 9 ClOS 2 Á0.07C 12 H 11 -ClOS 2 . Both were obtained from the reaction of 3-methylthiophene-2carbaldehyde and 1-(5-chlorothiophen-2-yl)ethanone. In the extended structure of the major chalcone component, molecules are linked by a combination of C-HÁ Á ÁO/S, ClÁ Á ÁCl, ClÁ Á Á andinteractions, leading to a compact threedimensional supramolecular assembly.
Chemical context
Chalcones exhibit a wide spectrum of pharmacological activities, including antibacterial (Tran et al., 2012) , anticancer (Shin et al., 2013) , antifungal (Ló pez et al., 2001) and antiinflammatory properties (Fang et al., 2015) . On the other hand, thiophene derivatives display a wide range of biological activities such as antimicrobial (Mishra et al., 2012) , antiallergic (Gillespie et al., 1985) , anti-inflammatory (Molvi et al., 2007) , antioxidant and antitumor agents (Jarak et al., 2005) . Combining thiophenes and chalcones could result in compounds with interesting new structures and properties: Al-Maqtari et al. (2015) reported the synthesis of thiophenechalcones containing two thiophene rings and their antimicrobial and anticancer activities. One of their reported structures is (E)-1-(5-chlorothiophen-2-yl)-3-(3-methylthiophen-2-yl)prop-2-en-1-one. However, the crystal structure of this thiophene-based chalcone has not yet been determined. ISSN 2056-9890 As a part of our ongoing research in this area (Ibrahim et al., 2019) , we report herein the crystal structure of a chalcone containing two terminal-substituted thiophene rings, namely (E)-1-(5-chlorothiophen-2-yl)-3-(3-methylthiophen-2-yl)prop-2-en-1-one, which crystallized as a co-crystal in an unexpected superposition with the keto-enol tautomer (Z)-1-(5-chlorothiophen-2-yl)-3-(3-methylthiophen-2-yl)prop-1-en-1-ol as a minor component.
Structural commentary
The crystal structure ( Fig. 1 ) exhibits two superimposed molecules with occupancies of 93% and 7%: this was surprising since the formation of the minor (enol) component was quite unexpected. A possible mechanism for the formation of this component is shown in Fig. 2 . Equilibria between keto and enol isomers are regularly observed in solution but not in crystals. This issue needs a thorough exploration, which is beyond the scope of this report.
The molecular structures show similar conformations but differ in bond lengths and the carbon-atom geometry (hybridization), which we will describe for the major component in more detail. The molecular structure (Fig. 1) is composed of two substituted thiophene rings, 5-chlorothiophen-2-yl and 3methylthiophen-2-yl, which are linked by the central -CO-CH CH-spacer. The configuration about the C C bond [1.344 (3) Å ] is E and the carbonyl group is syn with respect to the C C bond. The molecule is effectively planar as indicated by the torsion angles O1-C1-C10-C14 = 175.0 (3), C2-C1-C10-C14 = À5.2 (3), C10-C1-C2-C3 = 176.41 (19), O1-C1-C2-C3 = À3.8 (3), C1-C2-C3-C4 = 179.37 (19) and C2-C3-C4-C8 = À177.5 (2) . The hydrogen atoms of the propenone unit are trans configured and each is involved in an intramolecular short contact that forms an S(5) motif ( Fig. 1 , Table 1 ). The bond lengths and angles are consistent with those in related structures (Vu Quoc et al., 2019; Yesilyurt et al., 2018; Sreenatha et al., 2018) . The S atoms of the terminal 5-chlorothiophen-2-yl (S11/C10/C12-C14) and 3-methylthiophen-2-yl (S5/C4/C6-C8) rings are anti and the rings are inclined slightly to each other [dihedral angle = 6.92 (13) ].
Supramolecular features
The extended structure exhibits several hydrogen-bonding contacts ( Table 1 ). The hydrogen bonds involve a carbonyl O atom serving as a double-acceptor with H atoms from the chlorothiophenyl unit, and a methyl group from the methylthiophenyl unit of a neighbouring molecule. Additional C-HÁ Á ÁS contacts are also present ( Possible mechanism for the formation of the minor enol component. 
Database survey
Similar structures to the title compound (major component) with the same chalcone skeleton and one or two thiophenyl rings include the following, which are identified by their CSD (Groom et al., 2016) reference codes. In all compounds, the molecular skeletons are approximately planar, and have an E configuration about the C C bond. The structures containing one thiophenyl rings include: 1-(5-chloro-2-thienyl)-3-(2,3,4-trimethoxyphenyl)prop-2-en-1one (refcode LOVHAH; Chidan Kumar et al., 2015) , where the molecular structure features intramolecular C-HÁ Á ÁO interactions. The molecules in 1-(4-bromophenyl)-3-(3-methyl-2-thienyl)prop-2-en-1-one (XICNON; Fun et al., 2007) , feature short intramolecular C-HÁ Á ÁO/S contacts, which form S(5) rings. In the crystal structure, the molecules are linked into layers by weak C-HÁ Á ÁO hydrogen bonds, and short BrÁ Á ÁO contacts are also observed. In 1-(2-hydroxyphenyl)-3-(5-methylthiophen-2-yl)prop-2-en-1-one (AGEFUQ; Sreenatha et al., 2018), the structure exhibits O-HÁ Á ÁO and C-HÁ Á ÁO/S intramolecular interactions.
The structures of bis-thiophenyl chalcones include 2,6-(E,E)-bis[(thiophene-2-yl)methylene]cyclohexanone (BOQ-YAK; Yakalı et al., 2019) in which the terminal thiophene rings adopt a syn orientation. In the structure, the molecules display weak C-HÁ Á ÁS and C-HÁ Á ÁO intramolecular and only C-HÁ Á ÁO intermolecular hydrogen bonds. In addition,interactions are found between the thiophene rings. In 1,5bis(3-methyl-2-thienyl)penta-1,4-dien-3-one (RUZCIZ; Contreras et al., 2009), the molecule consists of terminal methylthiophenyl rings with the two S atoms being in a syn arrangement and trans to the carbonyl oxygen atom. The molecule is almost planar, with a slight twist along the bridging unit, leading to a small rotation between the terminal thiophenyl rings. The molecules are connected via various types of intermolecular interactions, namely C-HÁ Á ÁO, C-HÁ Á Á and -, leading to a three-dimensional supramolecular network. The molecule of (2E,6E)-2,6-bis[(5-methylthiophen-2-yl)methylene]cyclohexanone (XILXUM; Liang et al., 2007) displays two slightly twisted syn terminal methylthiophenyl rings in an anti-arrangement with respect to the carbonyl oxygen atom. In 1,5-bis(thiophen-3-yl)penta-1,4-dien-3-one (AYUPIU; Shalini et al., 2011) , the dihedral angle between the thiophenyl rings is 15.45 (10) . The molecules features both C-HÁ Á ÁO and C-HÁ Á Á interactions. Both thiophene rings in 3-hydroxy-1-(thiophen-2-yl)-3-(thiophen-3-yl)prop-2-en-1one (IBIRUJ; Oyarce et al., 2017) are disordered with the major-disorder components inclined to each other by 12.1 (3) . In the crystal, the molecules are connected through C-HÁ Á ÁO interactions. In the crystal of 1,3-bis(3-thienyl)prop-2-en-1-one (UNAJIE; Baggio et al., 2016) , the thiophene rings are inclined to each other by a dihedral angle of 8.88 (10) . The structure exhibitsinteractions together with C-HÁ Á ÁO interactions and short SÁ Á ÁS contacts also occur.
Synthesis and crystallization
The synthesis was carried out using a reported method (Al-Maqtari et al., 2015) . Crystals suitable for single-crystal X-ray diffraction were grown by slow evaporation, at room temperature, of a solution in ethanol. 
Figure 3
Overall packing of the major component with all intermolecular interactions (dotted and dashed lines) shown.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . Hydrogen atoms were included in calculated positions (C-H = 0.95-0.98 Å ) and refined using a riding model with U iso (H) = 1.2U eq (C) or 1.5U eq (C-methyl).
Methyl groups were allowed to rotate about the bond to their next atom to fit the electron density.
The crystal structure was refined as a superposition of two molecular structures with formulae C 12 H 9 ClOS 2 (93% occupancy component) and C 12 H 11 ClOS 2 (7% occupancy component), respectively. Restraints were necessary during the refinement of geometric and anisotropic displacement parameters.
supporting information sup-1 Acta Cryst. (2020) . E76, 477-480 supporting information Acta Cryst. (2020) SHELXL2018 (Sheldrick, 2015b); molecular graphics: DIAMOND (Putz & Brandenburg, 2014) ; software used to prepare material for publication: X-AREA (Stoe & Cie, 2016). 
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Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. The crystal structure is an overlay of two molecular structure with ratio 93:7.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (3) C9A-H9AC 0.9800 C10-S11 1.732 (2) C10A-C14A 1.412 (18) S11-C12 1.712 (2) C10A-S11A 1.743 (18) C12-C13 1.364 (3) S11A-C12A 1.735 (17) 
